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US-A-4,066.083 from pigskin. The skin is finely divided, 
degreased using detergent washed, and cfigested with 
pepsin to give a viscous suspension, and the collagen 
precipitated by addition of saturated salt solution. The 
precipitate is suspended in acid, reprecipitated as a 
fibrous white precipitate in salt solution, washed as 
many times as desired, and desalted by washing with 
alcohol. The purified collagen is suspended in acid solu- 
tion and freeze dried. It is sterilized by ^irradiation, 
which may degrade or cross link the preparation. This 
preparation is available commercially and has been 
used in a number of other bone repair studies. 

Joos, U. et al. Biomaterials (1980) 123-26, utilized 
Collagenfleece® as an implant in artificially damaged 
rabbit mandibles and found that after 2 weeks, the 
defects were filled with cancellous bone particles and 
showed complete ossification after 4 weeks. Zetzmann. 
D.. et al, Schweiz Mschr Sabnhelik (1982) gg:119 also 
achieved bone regeneration in facial surgery upon use 
of Coilagenfteece® as ah implant Springorum, H. W., 
et al. ZOrthoa (1977) 115:686 obtained similar results 
using Collagenfleece® in a cortical layer defect 

Jaffee. A., et al, ArchsOral Biol (1978) 2&415; toid. 
(1982) ££999 reported successful anchoring of acrylic 
tooth implants in dogs using collagen solutions which 
were prepared from dog skin by extraction with acetic 
acid and trichloroacetic acid/ethanol purification. The 
successful anchoring of the implants was intact after a 
year. 

Cucin. R. L, et al. New York State Journal of Medi- 
cine (1979) 1856 used atelopeptide collagen from calf 
skin, which had been gamma irradiated, for rib repair in 
rabbits and, when supported by gelatin sponge material 
or with autologous bone dust, to repair skull holes in 
dogs. 

A preparation of collagen, presumably still contain- 
ing the telopeptides, and cross-linked by gamma irradi- 
ation was employed in filling tooth pulp cavities and as 
an under the skin "bone replacement" implant as dis- 
closed in, respectively. EP-A-00 12443 and EP-A- 
0012959. Another cross-linked preparation is seen in 
EP-A-0 052 288 (=US-A-4 597 762). 

None of the foregoing collagen repair procedures 
are completely successful. Either inflammation occurs, 
particularly where xenogeneic collagen is used, or heal- 
ing is unsatisfactory. The present invention provides an 
implantable collagen preparation which is capable of 
conducting the ingrowing bone repair tissue from dedi- 
cated bone cells into the defect whose repair is desired. 
Because xenogeneic collagen can be used, large 
amounts are obtainable and the method can be widely 
applied. In addition, the invention provides bone repair 
compositions which offer great versatility in being adapt- 
able to a wide range of stress-bearing requirements. 

The present invention provides a composition for 
repairing bone defects or reconstructing the skeletal 
matrix of a mammal, in particular a human, by implant- 
ing in the defect purified, non-immunogenic collagen 
which is derived, if desired, from a species other than 



that being repaired. Thus, the invention provides for 
mediating the subject organism's natural mechanisms 
for bone defect repair by using a collagen preparation of 
general appGcabiiity which is highly purified, and which 
5 is successful in providing a matrix for new bone growth. 
Fresh bone containing living osteoprogenrtor cells 
is exposed to a bone defect and placed into contact with 
a preparation of collagen which is a composition derived 
from skin. 

10 The skin-derived collagen is chiefly Type I collagen, 
includes a small amount of Type til and is typically 
obtained from caff skin. This type of collagen is com- 
mercially available under the trademark Zyderm® colla- 
gen soft tissue implant (ZCI) for use in removing 

is wrinkles. The collagen preparation typified by ZCI is a 
reconstituted fibrillar form of atelopeptide collagen. 

As is described for example in US-A-3949073. the 
skin-derived collagen is typically obtained from skin in a 
process wherein H has been dissociated into solubifized 

20 form, sterilized by filtration, and then reconstituted into 
fbrillar form after removal of the atelopeptides. 

By varying the ratio of BCP to ZCI in a mixture of 
these peptides, the physical properties of the repair 
material can be adjusted to conform to the particular 

25 demands of the environment of the defect 

Thus in one aspect, the invention relates to a 
method of preparing a composition for repairing bone 
defects which method comprises preparing a suspen- 
sion of purified reconstituted atelopeptide fbrillar skin 

30 collagen which is substantially free of cross linking, and 
lyophilizing the suspension. The collagen is preferably 
derived from calf skin. 

Such a tyophilized preparation (lyophilized collagen 
gel or LCG) has favourable handling properties and can 

35 be extruded rolled or cast into sheets which are easily 
manipulated into implants. Alternatively it may be 
formed as a mat. 

Modes of Carrying Out the Invention 

40 

A. Definitions 

As used herein, "conductive" repair of bone defects 
refers to a process for replacing lost bone or for growing 

45 desired new bone, which involves the metabolism of 
previously committed osteoprogenrtor cells. These cells 
are capable of producing cartilage and/or bone without 
induction by protein factors generally known as osteo- 
genic or morphogenic. The process includes mecha- 

so nisms whereby osteogenesis is directly effected by the 
committed cells, but not those wherein there is a 
requirement for added protein factors to produce com- 
mitted cells. 

"Consisting essentially of means that the composi- 
55 tion so defined derives all or substantially all of its rele- 
vant properties from the ingredient(s) as qualified. 

It is realized that conversion of undifferentiated cells 
to osteoprogenrtor celts may still be effected by indige- 
nous proteins. However, as herein defined, "conductive" 
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capable of cross-linkage to lysine residues. Atelopep- 
tide collagen must be cross-linked artificially, if It is so 
desired. 

While all coDagens share the foregoing characteris- 
tics, they have been subclassified into approximately s 
ten types depending on the precise amino acid 
sequence in the individual chains of the triple helix, the 
carbohydrate content, and the presence or absence of 
disulfide aoss-finWng. The most common subtypes are 
Type I which is present in skin, tendon, and bone, and 10 
which is made by fibroblasts, and Type III which is found 
primarily in skin. Other types reside in specialized mem- 
branes or cartilage or at cell surfaces. Types I and III 
contain similar numbers of amino acids in their helices; 
however. Type 111 but not Type I contains two adjacent 15 
cysteines at the C-terminai ends of the triple helix which 
are capable of forming interchain cross-links. 

Type I collagen contains one a2 (I) and two a1(l) 
chains each of which contains 1014 amino acids in its 
triplet region; there are several carbohydrate moieties 20 
present on each chain. Type III collagen contains only 
a1(lll) (3 chains) which contain 1026 residues in their 
triplet regions. As stated above, the presence in Type III 
of a pair of adjacent cysteine residues at the carboxy 
terminal end of the triplet region results in stability of the 25 
interchain cross-links. Both collagens contain short 
non-triplet ends (telopeptides). The reconstituted fibril- 
lar atelopeptide collagen used in this invention contains 
the atelopeptide forms of both Type I and Type III; the 
bone collagen powder consists of the atelopeptide form 30 
of Type I exclusively. 

The Skin-Derived Collagen 

The atelopeptide reconstituted fibrillar skin collagen 35 
preparations useful in the compositions of this invention 
are typified by the purified calfskin-derived atelopeptide 
collagen reconstituted fibrillar suspensions sold com- 
monly under the trademark ZYDERM® collagen 
implant (ZCI). 40 

This and other preparations of skin-derived purified 
atelopeptide, reconstituted fibrillar collagen are well 
known in art ZCI has been used extensively in soft tis- 
sue applications, including most prominently, the 
removal of wrinkles and depressed scars by injection of 45 
the preparation just under the skin. However, such prep- 
arations have not been used for bone repair except in 
conjunction with supporting materials which also con- 
tain OF and thus are directed to inductive bone repair. 

As this collagen preparation is derived from calf so 
skin, it contains mainly Type I collagen with approxi- 
mately 1-5% Type til. The aletopeptide collagen is ster- 
ilized while still in solution by suitable filtration 
techniques and thus is not degraded or cross-linked. It 
is reconstituted into fibrillar form and packaged under ss 
sterile conditions. 



The lYQphilteea' Skin Collagen 

When this collagen material is lyophilized to form 
lyophilized collagen gel (LCQ), it exhibits the ability to 
entrench itself in the implanted or filled cavity and to 
resist mobilization from the desired location due to its 
superior structural integrity. In addition, LCQ matrices 
exhibit the desirable and necessary property of support- 
ing the healing and regrowth of bone tissue into the 
implanted area. As described in further detail below, the 
LCQ preparations of the invention may be prepared 
over a range of physical properties which are controlled 
by the pH, freezing rate, and concentration of the sus- 
pension during lyophilization. Whatever the properties 
desired, the LCQ preparations of the invention are par- 
tially characterized in that they consist of atelopeptide 
reconstituted fibrillar collagen substantially free of impu- 
rities. If the preparation has been sterilized by microfil- 
tration and processed under sterile conditions 
thereafter, it is also substantially free from cross-linking. 
The added lyophilization process results in a mat which 
is of sufficient cohesiveness to allow it to be easily cut 
simply using scissors or sharp blade, into the appropri- 
ate shape for clinical application. Wetting the mat pro- 
duces a putty-like material which can be formed into any 
desired shape and placed into the defect 

We and others have disclosed forms of lyophilized 
collagen for medical applications. These collagen prep- 
arations, however, differ from those of the present inven- 
tion as do their uses. Battista, US-A-3,471 ,598, 
discloses a lyophilized form of a preparation of an inter- 
mediate microcrystailine form of collagen, which is 
obtained by treatment of bovine skin with hydrochloric 
acid to swell and separate the collagen f bers. The col- 
lagen is not purified nor are the atelopeptides removed. 
The material so prepared is regarded as being suitable 
for water absorbent sponges; clearly, the impure nature 
and the immunogenicity of such preparations would 
make them relatively undesirable for direct medical use. 
In addition, the acid used to prepare the intermediate 
form remains in the sponge. Kuntz, et at, US-A- 
3,368,911, disclose an alternate method of preparing 
absorbent collagen sponges so as to be devoid of the 
acid which, substitutes carbonic acid for the compara- 
tively non-volatile acids used in Battista. While the prep- 
aration is disclosed to employ substantially pure 
collagen fibrils, the atelopeptides have not been 
removed. US-A-4.440,750 discloses a plastic disper- 
sion of demineralized bone powder and reconstructed 
atelopeptide collagen. Miyata, US- A-4,294,241 , dis- 
closes lyophilized collagen sheets for skin dressing. 
These sheets are prepared from atelopeptide collagen 
reconstituted into ftorils; however, they differ from the 
LCQ of the present invention in that they are artificially 
cross-linked. Ries, in US-A-4,066,083, discloses the 
method of preparation of the commercially available 
product, Collagenfleece®, for wound treatment. Luck 
and Daniels, US-A-4,233,360, describe a lyophilized 
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removed. Bilateral 3 x 7 mm full thickness defects were 
placed in the parietal bones of the cranium with a dental 
burr. The lyophilized collagen as prepared in C.2.B was 
cut into strips slightly larger than the defects so as to 
effect a tight seal between the defect and the implant s 
Some of the strips were placed in the defects dry and 
allowed to hydrate in situ while others were prehydrated 
prior to irrplantatioa After implantation, the scalp was 
repositioned and sutured. The rate of healing within the 
defects was evaluated by histology at 2 and 4 weeks 10 
post-implantation. 

At 2 weeks, the implants were well infiltrated with 
connective tissue cells and blood vessels but new bone 
formation was very limited. While non-implanted defects 
of the type described in the previous paragraph did not is 
heal and remained filled with soft tissue, the repaired 
detect showed areas of new bone forming throughout 
the implant by 28 days. Early evidence of fusion with 
pre-existing bone could be seen at the interface of the 
cut edges of the defect and the implant. By 56 days 20 
mature bone with well-defined marrow cavities were 
present throughout the defect 

LCG is easily cut and manipulated to form inserts 
capable of supporting conductive bone growth. The 
lyophilized reconstituted collagen fiber mats which are 2s 
obtained provide a convenient and suitable material for 
this purpose. 

Claims 

30 

1 . A method of preparing a composition for effecting 
conductive repair of a bone defect in a mammal, 
which method comprises preparing a suspension of 
purified atelopeptide reconstituted fibrillar skin col- 
lagen which is substantially free of cross-linking, 3S 
and lyophilizing the suspension. 

2. The method according to claim 1 which includes 
forming the preparation into a sheet. 

40 

3. The method according to claim 1 or claim 2 wherein 
the suspension is prepared from calf skin. 

4. A purified collagen preparation consisting essen- 
tially of a lyophilized reconstituted atelopeptide 45 
fibrillar skin collagen in the form of a sheet. 

5. A purified collagen preparation according to claim 4 
which is substantially free of cross-linking. 

50 

6. A process for preparing lyophilized collagen mats 
suitable for use as bone implants which process 
comprises: 



Paterrtansprflche 

1 . Verfahren zur Hersteltung einer Zusammensetzung 
zur DurchfQhrung einer konduktiven Reparatur 
eines Knochendefekts in einem Saugetier. welches 
Verfahren das Herstellen einer Suspension von 
gereinigtem. rekonstituiertem, fforillarem Atelopep- 
tidhautkollagen, das im wesentiichen frei von Ver- 
netzungen ist, und das Lyophilisieren der 
Suspension umfaBt. 

2. Verfahren nach Anspruch 1, das das Formen des 
Praparats zu einer Bahn umfaBt. 

3. Verfahren nach Anspruch 1 Oder 2, worin die Sus- 
pension aus Kalbshaut hergesteltt wird. 

4. Gereinigtes Kbllagertpraparat, das im wesentiichen 
aus einem lyophilisierten, rekonstituierten, ftbrilla- 
ren Atefopeptidhautkollagen in Bahnform besteht. 

5. Gereinigtes Kollagenpraparat nach Anspruch 4, 
das im wesentiichen frei von Vemetzungen ist 

6. Verfahren zum Herstellen lyophilisierter Kollagen- 
matten, die sich zur Verwendung ats Knochenim- 
plantate eignen, welches Verfahren die folgenden 
Schritte umfaBt: 

(a) das Formen einer Suspension von gereinig- 
tem, rekonstituiertem, fibrillarem Atelopeptid- 
hautkollagen zu Bahnen und 

(b) Lyophilisieren des Erhaltenen. 
Revindications 

1. M6thode de preparation d'une composition pour 
effectuer une reparation, par conduction, d'un 
d6faut de I'os chez un mammrfere, laquelle 
methode consiste a preparer une suspension de 
coliagene de peau fibrillaire reconstitue atelopepti- 
dique purifie qui est sensibtement exempt de reticu- 
lations et a lyophiliser la suspension. 

2. M6thode selon ta revendication 1 qui consiste a for- 
mer la preparation en une feuille. 

3. Methode selon la revendication 1 ou la revendica- 
tion 2 ou la suspension est preparee a partir de 
peau de veau. 

4. Preparation de coliagene purified consistant essen- 
tietlement en un coliagene de peau fibrillaire atelo- 
peptidique reconstitue et lyophilise sous la forme 
d'une feuille. 

5. Preparation de coliagene purif i6 selon la revendica- 
tion 4 qui est sensibiement exempt de reticulations. 



(a) forming a suspension of purified atelopep- 55 
tide reconstituted fibrillar skin collagen into 
sheets, and 

(b) lyophilizing the resultant. 
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